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Objectives – The aim of the present study is to evaluate the
dentoskeletal features of subjects with either Class II or Class III
malocclusions in the mixed dentition using both conventional
cephalometric analysis and TPS morphometric analysis
applied to posteroanterior (PA) cephalograms.
Design – TPS analyses of PA cephalograms on 49 Cl-II, and 20
Cl-III subjects. Tracings were done by hand.
Setting and Sample Population – The Department of
Orthodontics, University of Florence.
Outcome Measure – Size and shape differences between Cl-II
and Cl-III malocclusions.
Results – Maxillary width was smaller in both Cl-II and Cl-III
subjects compared with normal as measured conventionally.
The TPS analysis revealed transverse plane compression and
extension in the vertical plane.
Conclusion – In Cl-II and Cl-III subjects the maxillary width
was smaller 2.5 and 4 mm, respectively. TPS analyses
corroborate these findings.
Key words: Class III; maxillary deficiency; transverse
dimension; cephalometrics; thin-plate spline analysis
Introduction
Occlusal and craniofacial characteristics of growing
subjects with either Class II or Class III molar
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relationships have been studied in the sagittal and
vertical plane (1–6). Both malocclusions are complex
clinical entities that entail different combinations of
three-dimensional dental and skeletal components.
Interestingly, studies of the transverse relationship of
the maxilla to the mandible in Class II subjects in the
mixed dentition have been limited to the analysis of
the arch widths measured on dental casts. No infor-
mation is available for dentoskeletal transverse
dimensions in Class III subjects.
The transverse component of sagittal skeletal dis-
harmonies presents clinical features that point to the
need for maxillary expansion prior to correction of the
anteroposterior discrepancy in growing subjects. In
particular, a Class II malocclusion associated with
mandibular retrusion may benefit from maxillary
expansion as a first phase of therapy (7). During the
post-expansion retention period, a forward posturing of
the mandible can be observed in many cases, leading
eventually to a spontaneous correction of the sagittal
Class II relationship (8). In Class IIImalocclusions, rapid
maxillary expansion involving protraction of the maxilla
with a facemask is a common component of orthopedic
treatment protocols (7, 9). The reasons behind this lies
in the observed slight forward movement of point A
following rapid expansion of the maxilla (10, 11) and in
the concurrent activation of circum-maxillary sutural
system during opening of the midpalatal suture (12).
Transverse features of Class II malocclusion
Fröhlich (13) compared the intercanine and intermolar
widths of upper and lower arches of 51 children with
Class II malocclusions with data collected by Moorrees
(14) on children with normal occlusions. He found that
the absolute arch widths of the children with Class II
malocclusions did not differ significantly from those
with normal occlusions. On the other hand, Tollaro
et al. (15) have shown that an underlying negative
posterior transverse interarch discrepancy (PTID; i.e.
narrow maxillary arch when compared with the man-
dibular arch) exists in dental arches with Class II mal-
occlusion ()3.4 mm on average) and seemingly normal
buccal relationships. This underlying transverse dis-
crepancy can be unmasked clinically by having the
patient posture the mandible in an anterior position so
that the canines are positioned in a Class I relationship.
In 1997, Baccetti et al. (16) demonstrated that a negative
PTID is recorded consistently in Class II subjects with
deciduous dentitions, and that the negative PTID is
maintained or worsens during the transition into the
mixed dentition. In a recent study, Varrela (17) con-
firmed that children with distal occlusions have nar-
rower intermolar and intercanine distances when
compared with normal subjects from the age of 3 years,
and that this difference increases with age. All of these
studies have been performed on dental casts, which
allows for an evaluation of the width of the dental arches
regardless of transverse skeletal dimensions of both
jaws. To our knowledge, no data are available in the
literature on the transverse dento-skeletal characteris-
tics of Class II subjects in the mixed dentition based on
the analysis of posteroanterior (PA) cephalograms.
Transverse features of Class III malocclusion
There is no definitive study of the dentoskeletal char-
acteristics in the transverse plane of growing subjects
with Class III malocclusion. The importance of the
transverse dimension in Class III malocclusion is
indicated indirectly by the clinical protocols of therapy,
which include a preliminary phase of maxillary
expansion prior to maxillary protraction (7, 9). In a
1995 study, Baik (18) observed significantly more fav-
orable results of maxillary protraction in a group of
Class III subjects treated with rapid maxillary expan-
sion prior to facemask wear compared with the results
in a group of Class III subjects treated only with a
facemask.
Morphometric approach vs. cephalometric analysis
Conventional cephalometrics based on linear and
angular measurements has shown an increasing num-
ber of limitations (19) as has the development of newer
methods of biometric analyses of landmark data such as
elliptic Fourier analysis; finite element analysis; tensor
and shape-coordinate analysis (20–23). However, major
advantages of these still evolving methods include the
separate evaluation of shape (or of shape change) and of
size, an optimal superimposition of landmarks for the
analysis of shape change in complex skeletal configu-
rations without the use of conventional reference lines,
and an explanatory visualization of the morphological
changes using transformation grids. Bookstein (24)
developed morphometric approach to the comparison
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of configurations of landmarks in two or more speci-
mens, known as thin-plate spline (TPS) analysis.
In TPS analysis, the differences in two configurations
of landmarks are expressed as a continuous deforma-
tion using regression functions in which homologous
points are matched between forms to minimize the
bending energy (25). Bending energy can be defined as
the energy that would be required to bend an infinitely
thin metal plate over one set of landmarks so that the
height over each landmark is equal to the coordinates
of the homologous point in the other form. TPS ana-
lysis enables the construction of transformation grids
that capture the differences in shape and are available
for visual interpretation. For a more detailed review of
the theoretical base, calculation procedures, assump-
tions and limitations of TPS morphometrics (see
25–31). In recent times, TPS analysis has become
increasingly important in orthodontics as a means of
investigating modifications in shape related both to
facial growth and to treatment (32–40).
The aim of the present study is to evaluate the
dentoskeletal features of subjects with either Class II or
Class III malocclusions in the mixed dentition using
both conventional cephalometric analysis and TPS
morphometric analysis applied to PA cephalograms.
Subjects and methods
Class II sample
A sample of 49 subjects (24 males and 25 females with a
mean age of 7 years and 9 months, ± 5 months) was
selected and classified as a Class II division I maloc-
clusion group according to the following inclusionary
criteria: bilateral Class II molar relationship in centric
occlusion, bilateral Class II deciduous/permanent
canine relationship in centric occlusion, and buccal
inclination of upper incisors.
Class III sample
A sample of 20 subjects (nine males and 11 females
with a mean age of 7 years, ± 1 year) was selected and
classified as a Class III malocclusion group according
to the following inclusionary criteria: bilateral Class III
molar relationship in centric occlusion, bilateral Class
III deciduous/permanent canine relationship in centric
occlusion, and anterior crossbite.
Control group
A group of 50 subjects (17 boys and 33 girls with a mean
age of 8 years and 4 months, ± 3 months) with bilateral
molar and deciduous/permanent canine Class I rela-
tionships in centric occlusion and no anterior or lateral
cross-bites were selected as controls.
The records of all subjects were obtained from the
Department of Orthodontics of the University of Flor-
ence, Italy prior to orthodontic intervention. Subjects
of all groups had mixed dentitions, no missing teeth
(due to aplasia, trauma, or deep caries), no history of
orthodontic treatment, and did not present with cra-
niofacial syndromes.
Posteroanterior cephalograms were of good quality
for all of the subjects in all groups. All cephalograms
were taken with the Frankfort plane parallel to the floor
and the front of the head and the nose tip in contact
with the radiographic cassette. PA cephalograms were
hand-traced using 0.5 mm lead on 0.003 mm matte
acetate tracing paper. All tracings were performed by
one investigator and subsequently verified by another
investigator. The traced PA cephalograms were ana-
lyzed using a digitizing tablet (Numonics, Landsdale,
PA, USA) and Viewbox digitizing software (version 2.6).
All cephalograms were enlarged 10% in order to stan-
dardize the magnification data.
To analyze the combined error of landmark location
and digitization, 25 randomly selected PA cephalo-
grams were retraced and redigitized. The standard error
deviation for each dimension was calculated from
double determinations using Dahlberg’s formula (41).
The mean value for the method error was
0.55 ± 0.23 mm.
Conventional cephalometric analysis
Figure 1 illustrates the bilateral cephalometric land-
marks and measurements used in this part of the study.
Skeletal landmarks
Euryon (Eu): the most lateral point of the cranial vault.
Medio-orbitale (Mo): the most medial point of the
orbital orifice.
Latero-orbitale (Lo): the intersection of the lateral wall
of the orbit and the greater wing of the sphenoid
(the oblique line).
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Supraorbitale (So): the most superior point of the
orbital orifice.
Zygomatic (Zyg): the most lateral point of the zygo-
matic arch.
Condylar lateral (Cdl): the point located at the lateral
pole of the condylar head.
Maxillare (Mx): the point located at the depth of the
concavity of the lateral maxillary contour, at the
junction of the maxilla and the zygomatic buttress.
Lateronasal (Ln): the most lateral point of the nasal
cavity.
Gonion (Go): the point located at the gonial angle of the
mandible.
Antegonion (Ag): the point located at the antegonial
notch.
Dental landmarks
Upper molar (Um): the most prominent lateral point
on the buccal surface of the upper first molar.
Lower molar (Lm): the most prominent lateral
point on the buccal surface of the lower first
molar.
From the digitized PA cephalograms, 12 width meas-
urements (10 skeletal and two dental) were derived for
each patient by connecting bilateral cephalometric
landmarks.
The statistical comparisons among the three groups
(Class II, Class III and controls) were performed by
means of a non-parametric test (Kruskal–Wallis H test)
followed by post hoc evaluation by means of the Bon-
ferroni test; p < 0.016).
Thin-plate spline analysis
In the present study, the TPS program (TpsRegr,
Version 1.25; Stony Brook, University of New York,
New York, USA) computed the orthogonal least-
squares Procrustes average configuration of land-
marks in both the Class II group and in the control
group. Following this method, every object’s coordi-
nates are translated, rotated, and scaled iteratively
until the least-squared fit of all configurations is no
longer improved (42). Therefore, all configurations
are scaled to an equivalent size (centroid size ¼ 1)
and registered with respect to one another. A des-
cription of the cephalometric landmarks used in this
part of the study is illustrated in Fig. 2. Additional
landmarks with respect to the conventional analysis
included:
Foramen rotundum (Fr): the foramen rotundum of the
sphenoid bone.
Menton (Me): the central point on the lower border of
the mandibular symphisis.
Upper Interincisal Point (Ui): contact point between
the upper incisors.
Lower Interincisal Point (Li): contact point between the
lower incisors.
The morphometric analysis did not include point
Euryon.
The average craniofacial configurations were sub-
jected to TPS analysis to make comparisons of differ-
ences in shape between the two groups. Statistical
analysis of shape differences was performed by means
of permutation tests with 1000 random permutations
on Wilks Lambda statistics (42).
Fig. 1. Cephalometric landmarks for conventional analysis.
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Results
Conventional cephalometric analysis
Maxillary width, both at the skeletal and dentoalveolar
levels, was significantly smaller in both Class II and
Class III groups when compared with controls. The
analysis of the results showed that the measure Mx–Mx
was 2.5 mm smaller than normal controls in subjects
with Class II malocclusion, and 3.8 mm smaller than
normal controls in subjects with Class III malocclusion.
No other significant difference was detected among the
three groups for any of the remaining cephalometric
measures (Table 1).
Thin-plate spline analysis
TPS analysis of PA cephalograms showed significant
shape differences in the craniofacial configuration of































































































































































































































































































































































































































































































































































































































































































































































































































































Fig. 2. Cephalometric landmarks for thin-plate spline analysis.
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compared with control subjects (p < 0.001; Figs 3
and 4). Analysis of the changes in transformation grids
revealed very similar patterns of deformation in Class II
and Class III groups. Significant shape differences
occurred mainly in the maxillary region for both com-
parisons. The greatest deformation could be described
as a contraction of the maxilla both at the skeletal and
dental levels, i.e. a bilateral compression in the hori-
zontal plane at point Mx and at point Um. This shape
change in the transverse plane was most evident in the
comparison between Class III group and Class I group.
The contraction on the transverse plane was associated
with an extension of the maxilla in the vertical plane
because of a downward displacement of point Mx
bilaterally. This vertical shape change was more
accentuated in the comparison between the Class II
group and the control group. No significant difference
in shape could be detected in the orbital region, in the
nasal region or in the mandible when comparing both
Class II and Class III subjects to Class I controls, with
the exception of a slight upward dislocation of point
Me.
Discussion
The results of the present study show that subjects with
Class II or Class III malocclusion exhibit significant size
and shape differences in craniofacial configuration in
the frontal plane when compared with subjects with
normal occlusions. These size and shape differences
mainly involved the contraction of the maxilla, both at
the skeletal and dentoalveolar levels and a narrowing of
the base of the nose. The reduction in skeletal width of
the maxilla was associated with an increase in vertical
height due to a downward displacement of point Mx
bilaterally. No significant difference in shape was
detected in the mandible on the transverse plane when
comparing Class II or Class III subjects to Class I con-
trols. The analysis of the results shows that maxillary
skeletal width, on average, was 2.5 mm smaller in
subjects with Class II malocclusions than in controls
and about 4 mm smaller in subjects with Class III
malocclusions than in Class I controls.
These findings have obvious clinical implications. As
transverse deficiency in the maxilla, both at the skeletal
and dentoalveolar levels, appears to be a typical feature
of Class II and Class III malocclusions in the mixed
dentition, an initial goal of treatment for both sagittal
problems might be the early correction of the trans-
verse occlusal relationships by means of rapid maxil-
lary expansion (RME). Early treatment with RME is
further supported by the findings of another recent
Fig. 3. TPS graphical display of the shape differences between the
Class II group and the control group (magnification factor ·3).
Fig. 4. TPS graphical display of the shape differences between the
Class III group and the control group (magnification factor ·3).
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investigation (43) that showed that patients treated
before the pubertal growth spurt exhibit significant and
more effective long-term changes at the skeletal level
both in maxillary and circummaxillary structures.
When RME treatment is performed after the pubertal
peak, maxillary adaptations to expansion therapy shift
from the skeletal level to the dentoalveolar level.
Another study (39) that used TPS analysis to examine
the long-term effects induced by RME pointed out that
rapid maxillary expansion can normalize the shape of
the maxillary complex in subjects presenting with
transverse deficiency of the maxilla during early
development. In particular, RME is able to induce
transverse increments of the nasomaxillary complex
that remain stable in the long-term.
In patients with mild to moderate Class II prob-
lems who have been treated during the early mixed
dentition with rapid maxillary expansion followed by
a palatal stabilization plate, it is not uncommon,
from a clinical point of view, to observe a sponta-
neous correction of the Class II occlusal relationship,
although no definitive Class II therapy, e.g. extraoral
traction, functional jaw orthopedics, has been provi-
ded. McNamara and Brudon (7) hypothesize that
expansion of the maxillary dentition may create an
endogenous functional appliance in that the lingual
cusps of the maxillary dental arch, over expanded
after RME relative to the mandibular dental arch, will
encourage the growing patient to posture his or her
jaw in a more protrusive position when establishing
comfortable contact in centric occlusion, ultimately
leading to a stable occlusal change. If spontaneous
correction does not occur and for patients with a
more severe skeletal and muscular problem, a func-
tional jaw orthopedic appliance (e.g. bionator, FR-2
of Fränkel, twin block), fixed appliances with Class II
elastic tractions, or headgear can be used during or
slightly after the onset of the pubertal peak in growth
velocity following an initial phase of expansion (44)
to address the underlying anteroposterior skeletal
discrepancy.
As for Class III malocclusions, the use of rapid
maxillary expansion prior to facemask treatment is
supported by the findings of the present study. The
amount of possible post-treatment relapse in the
transverse dimension suggests the overcorrection of
the maxillary transverse deficiency as part of the
treatment strategy in growing Class III subjects.
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